1. This study attempts to determine the mechanisms by which the downstream displacement of lotic invertebrates is compensated by the upstream movements of immatures and adults. To this end, submerged and aerial traps were set up at three sites, each 100 m apart, on a small mountain stream (Yr Ogof) in North Wales and operated for 12 months. 2. At Site 1 (the source), 19.3% of the benthic invertebrates lost as drift wr re replaced by the upstream movement of aquatic stages. At Site 2, the average upstream ( 3mpensation was 51.1% (although there was a marked difference between the two traps a~ '\e site). At downstream Site 3 the average compensation was 55.4%. The net loss of benthos downstream over 1 year was estimated to be 261 920 individuals from Site 1, 41 891 from Site 2, and 40470 from Site 3. 3. At Sites 1 and 2, the numbers of invertebrates drifting were positively correlated with both current speed and water depth. At Sites 2 and 3, the numbers moving upstream were positively correlated with water temperature. At all three sites, the numbers of animals drifting were positively correlated with the numbers moving upstream, under water. 4. In none of the eight common species of stonefly did females show a strong overall upstream flight preference -however, two species, Leuctra nigra and Nemoura erratica, showed a significant downstream preference. 5. As with the stonefly nymphs, most of the caddisfly larvae showed a longitudinal distribution. Agapetus fuscipes larvae were most abundant at Site 1, yet females showed no preferred flight direction -this would seem to be inappropriate for maintaining this larval distribution pattern. However, females caught moving upstream at Site 2 were bigger and contained twice as many eggs, which were also larger, than females moving upstream at Site 1. The flight patterns of the other Trichoptera also seemed inappropriate for maintaining their respective larval distributions. Immature insects moved upstream at certain sites and times, but trends were not consistent. There was no correlation between female flight direction and local wind speed and direction. 6. Downstream displacement of the most abundant non-insect species, Gammarus pulex, was quite considerable at all three sites. However, at several times during the year the numbers moving upstream approached or exceeded those drifting. Maintenance of benthic population densities in this species is thought to be through a combination of upstream movement (which was highly correlated with benthic density at Sites 1 and 3) and production of young over a long (10 month) reproductive period. Maintenance of the benthic populations of the immature stages of the majority of insect species in Yr Ogof is thought to be through oviposition by females in the vicinity of their emergence sites. 200 D. D. Williams and N. E. Williams 7. Differences in density, size of individuals and life history were found among sites for several benthic species. The concept of optimal larval habitat is discussed in the context of longitudinal zonation and the flight behaviour of ovipositing females.
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Introduction
Running water organisms live in a medium which is constantly moving past them, often quickly, and in one direction. This has resulted in the evolution of benthic rather than planktonic or nektonic forms, as the latter two modes of life require greater expenditure of energy in order to maintain station. Despite this, and for various reasons (see Williams & Feltmate, 1992) , many running water animals are displaced downstream by the current. This displacement (drift) may be more or less continuous in some species, whereas others are susceptible only at certain stages in their life cycles. Drift has been interpreted as being both beneficial (e.g. redistribution in response to competition for food or space, or dispersal of early instars; Hildrew & Townsend, 1980; Walton, 1980) and detrimental (e.g. iwreased exposure to fish predators) to the benthic community in general. It has been calculated that over the period of their larval lives, some insects may drift as far as lOkm downstream (Hemsworth & Brooker, 1979) , although most species probably are not displaced to this extent.
The sheer numbers of organisms being transported downstream have led to speculation that headwater regions might become depopulated. Many lotic animals are positively rheotactic and tend to crawl against the current, but the distances moved and numbers of individuals moving that have been recorded in the literature seem generally insufficient to compensate for displacement through drift (e.g. Bishop & Hynes, 1969a; Elliott, 1971; Benson & Pearson, 1987) . It has been proposed (Mottram, 1932; Miiller, 1954 Miiller, , 1982 that, for insects, any loss from headwaters is counteracted by upstream dispersal and oviposition flights by newly emerged females. Evidence for such compensatory flights is highly variable (e.g. Madsen, Bengtsson & Botz, 1973; Jones & Resh, 1988) and, in several instances, the number of females flying upstream has been found to be only marginally greater than the numbers flylng downstream. It has been argued that such small upstream gains are sufficient to restore headwater densities because of the high fecundity of single females.
Acceptance of the compensatory flight hypothesis is, on the large scale (measured in kilometres), attractive as it provides a convenient explanation as to why headwater benthic densities do not vary greatly from year to year. However, the hypothesis does not address the mechanism(s) by which non-insects maintain upstream populations, nor the fact that many benthic groups, including insects, exhibit strong longitudinal zonation from headwater to estuary with various taxa restricted to headwater, middle or lower reaches.
The purpose of this study was to attempt a holistic analysis of the upstream/downstream paradox by: (i) testing the applicability of the compensatory flight hypothesis to small-scale lotic systems through examination of emerging insect flight patterns in a stream in which the distribution of some species changed over just a few hundred metres; (ii) quantifylng the compensation of drift by underwater upstream movements of the immature stages of insects and other benthic organisms; and (iii) comparing aspects of the ecology (specifically densities and life histories) of selected species, among adjacent sites, in order to identify variation that might promote longtudinal zonation.
The study site
Yr Ogof is a small stream arising at an altitude of 214 m -a.s.1. in the Carneddau mountain range, Gwynedd, North Wales (M014'N, 4"OOfW). Its primary source is a spring issuing from a rocky hollow, approximately I m wide, in the hillside. The hollow is filled with ferns (Filicales), nettles (Urtica dioica L.), stunted blackthorn bushes (Prunus spinosa L.) and grasses (Gramineae). Three sampling stations were set up: Site 1 was 10m from the source. Here the substrate consisted of coarse sand and slate gravel with flat slate rocks up to 40cm in diameter. The mean water depth was 3.5cm, the current, measured at a midstream reference point, ranged (annually) from 25 to 80cm s-' (over a 1:3 gradient) and the annual temperature range was 3.0-14.0°C. Width of the channel was approximately 2.5m although it was strongly braided. Site 2 was lOOm below Site 1 and had a 1:8 gradient. Substrate again consisted of coarse sand and gravel, but with a surface layer of more rounded cobbles (15-40cm in diameter) which were mostly covered with aquatic moss (Fontinalis antipyretica Hedw.). Mean water depth was 11 cm, current ranged between 40 and l00cm s-', and, over the year, temperature ranged from 1.5 to 20°C. Channel width was about l m . The riparian vegetation at Sites 1 and 2 was similar, consisting mostly of heavily grazed pasture and marsh grasses uuncus sp.), bracken (Pteridium aquilinum (L.)) and stunted blackthorn. In boggy patches, cottongrass (Eriophorum angustifolium Honck.), buttejcup (Ranunculus sp.), flag iris (Iris pseudacorus L.) and sundew (Drosera rotundifolia L.) were common. Water parsnip (Berula erecta (Hudson)) was present on parts of the stream bed at both sites. In contrast to the very open nature of Sites 1 and 2, Site 3 was located just inside the upper boundary of a small wood. Here, 'approximately 120m below Site 2, the substrate was essentially the same as at Site 2, mean water depth was also 11 cm, current ranged between 30 and 100cm s-', and water temperature varied between 4 and 20°C. Gradient was approximately 1:6, and the channel was about 1.5 m wide. Riparian vegetation consisted of ash (Fraxinus excelsior L.), blackthorn, wild damson (Prunus domestica L.), holly (Ilex aquifolium L.), wild rose (Rosa canina L.), nettles, ferns and grasses.
Materials and Methods
Benthic densities of immature stages were obtained from three small Surber samples taken from randomly chosen sections of the bed at each site at 5 week intervals from August 1983 to July 1984. The area of stream bed enclosed by each sample was 250cm and the depth of disturbance was 5cm, giving a substrate volume of I250 cm 3 . Mesh size was 53 km. Samples were preserved immediately in 10°/o formalin solution to which Rose Bengal dye had been added to facilitate sorting. In the laboratory, all invertebrates were separated from the inorganicldetritus residue, identified and counted. The density of each taxon at each site was expressed as a mean ? 1 SE.
Drift and upstream migrations of aquatic stages were measured at each site using two Hobbs & Butler (1981) traps fitted with 2 5 0 -p mesh nets. The design of this trap is such that it allows a 15-cm-wide section of bed and the entire water column above it to be sampled for drift and downstream-crawling animals concurrent with capture of animals swimming and crawling upstream over an adjacent 15-cm section of bed and water column. At each site, two galvanized steel plates matching the dimensions of the trap bases were nestled into the bed (to a depth of 2cm) and permanently ankhored with steel pegs. The two plates were placed about 5 m apart, longitudinally, in a manner that did not allow the traps to compromise one another. At approximately 2 week intervals from August 1983 to July 1984, traps were attached to the baseplates and were allowed to sample for 1-2 days. During this time, the traps were visited each day in order to ensure that the meshes were not clogged and flow through the net was not impeded. Water depth, current speed and temperature were measured at the time of trap installation, cleaning and emptying, and averaged for each sampling period. Trap contents were treated in the same way as the Surber samples.
Flying adults were trapped by means of a Malaise trap (Malaise, 1937) constructed from steel tubing and l-mm-mesh fibreglass insect screening set up at each site. Each trap had a solid 2-cm-thick plywood base (l-m square) which was raised lOcm above the mean water level, on steel posts, directly over the stream bed. This was to prevent insects from emerging directly under a trap and subsequently being collected without having shown any directional tendency in flight. The top of the plywood was camouflaged against the bed by covering it with natural substrate from the appropriate section of stream. Each trap had two openings, measuring I x l m , one facing directly downstream, the other directly upstream. A divider, made from screening, extended (at a right angle to the longitudinal axis of the stream) from the base to the tapered tip of the trap where a Plexiglass collecting device channelled insects into one of two jars containing 10% formalin solution-one for collecting and preserving insects moving upstream, the other for insects moving downstream. In order to be collected in the traps, adult insects had to have been travelling either upstream or downstream up to 1.1 m above the stream surface. Extensive bankside observations of emerging insects showed that very few adults flew higher than about 1 m, presumably because of the open and breezy nature of the upper two sites. Mend1 & Miiller (1979) have shown the Malaise trap to be an effective method
